ABSTRACT. Manske, R.C., C.S. Tajchman, T.A. Stranghoner, and T.S. Ellenbecker. Difference in isokinetic torque acceleration energy of the rotator cuff: Competitive male pitchers versus male nonathletes. J. Strength Cond. Res. 18(3):447-450. 2004.-Rotator cuff function is critical to the overhead athlete. Rotator cuff power is felt to be important in the overhead athlete during the throwing motion. Little research exists regarding torque acceleration energy (TAE) in overhead athletes. Twenty-five males were divided into 2 groups consisting of overhead athletes (pitchers) (n ϭ 12) and nonoverhead athletes (controls) (n ϭ 13). All participants were given a concentric velocity spectrum isokinetic test at speeds of 60Њ (1.05 r), 180Њ (3.16 r), and 300Њ·s Ϫ1 (5.26 r) to both the dominant and nondominant shoulder internal and external rotators. Significant differences were found for all internal rotator TAE scores (p ϭ 0.000-0.016), at each of the 3 velocities, when comparing dominant to nondominant arms of both overhead athletes and nonoverhead athletes. Only 60Њ·s
INTRODUCTION
R otator cuff function is critical for overhead athletes participating in baseball. During the throwing motion the muscles of the rotator cuff provide dynamic stabilization, acceleration, and deceleration of the glenohumeral joint. The shoulder joint has been shown to rotate to peak velocities of 6,100Њ (107.02 r) to 9,000Њ·s Ϫ1 (157.89 r) (7) . Following ball release, the rotator cuff, with emphasis on the external rotators, embarks on an aggressive eccentric contraction to decelerate the arm. These motions all occur during the throwing motion in the time frame of 1-2.0 s (7) .
Little information exists on the isokinetic parameter torque acceleration energy (TAE). Most of the previous isokinetic literature has been limited to the isokinetic parameter of peak torque. Peak torque measurements are normally considered to be the ''gold standard'' when isokinetically testing strength of the shoulder. Despite this, some feel that TAE may be a more accurate indicator of muscle performance. Torque acceleration energy measures the rate of power development within a tested muscle group. The ability to generate torque quickly may be a critical factor in the rotator cuff's ability to stabilize, accelerate, and decelerate the shoulder.
Recent research by Davies and Manske (6) has shown that TAE is decreased in those with shoulder injury. In addition, Manske and Davies (9) have shown that TAE can be increased during the rehabilitation of patients with various shoulder pathologies.
Presently, the Cybex isokinetic dynamometer is the only apparatus with the ability to measure TAE. Using the Cybex 6000, one can accurately and reliably quantify the measurement of TAE (11, 12) . Perrin et al. (12) measured TAE at 180Њ·s
Ϫ1 when testing the strength of shoulder flexion/extension and internal/external rotation of college-age male baseball pitchers, swimmers, and normal subjects. All participants were right-hand dominant. Torque acceleration energy values during shoulder extension, flexion, and external rotation were not significantly different for all 3 groups at the 180Њ·s Ϫ1 measurement. Internal shoulder rotation TAE scores were greater for the right-side (dominant) shoulder in the pitchers but not for swimmers and nonathletes. Values for TAE were on average 15% greater for the dominant than the nondominant side in the pitchers. Torque acceleration energy measurements were within 5% bilaterally for the swimmers and nonathletes. The authors felt that pitchers, because of the neuromuscular specificity of their sport, should be expected to have greater TAE values in their dominant shoulder.
Pawlowski et al. (10) assessed the shoulder flexor/extensor and internal/external rotator TAE of 10 college-age pitchers measured at 240Њ·s Ϫ1 (4.21 r). They compared the isokinetic TAE scores to throwing velocity and found significant correlations between the internal rotators and the TAE scores. It is their opinion that shoulder power may be a more meaningful predictor of throwing velocity than more traditional measures of peak torque (10) .
Chandler et al. (4) assessed bilateral shoulder internal and external rotation in 24 college aged tennis players. Testing for TAE was performed at the speeds of 60Њ (1.05 r) and 300Њ·s Ϫ1 (5.26 r). No differences could be detected between TAE scores for the dominant and nondominant shoulders.
The purpose of this study is to determine whether a significant difference exists between the dominant (throwing) and the nondominant extremity in shoulder internal and external rotators of college-age pitchers and normal subjects measured throughout the velocity spectrum. No single study to date has evaluated TAE throughout the velocity spectrum. Separate studies have 
METHODS

Experimental Approach to the Problem
There is limited research on power in the overhead athlete. However, it is commonly thought that power is important in throwing sports. It was our intent to determine if there exists a difference in power of the rotator cuff muscles as measured by TAE between overhead athletes (pitchers) and controls (normal subjects) or between dominant and nondominant shoulders of either group.
Subjects
Twelve male collegiate baseball pitchers and 12 male nonathletes volunteered to participate in this study. The subjects ranged in age between 18 and 31 years (mean ϭ 23.4 Ϯ 4.2), had a mean weight of 82.3 Ϯ 13.2 kg, and had a mean height of 179.7 Ϯ 8.7 cm. A competitive male baseball pitcher was operationally defined as a pitcher who was currently on the roster of a university baseball team. Pitchers from this study were obtained from local NAIA baseball teams. A nonathletic male was operationally defined as one that has not participated in competitive or recreational overhead sports greater than 1 time a month for a minimum of 2 years prior to data collection. All subjects were right-hand-dominant males. All subjects were free from injury to their dominant shoulder at the time of the study and for the past year. The subjects were informed of the purpose of the study and the procedures to be used, and all signed an informed consent prior to testing or data collection. Both the university and the medical center's Institutional Review Boards approved the protocol for this study.
Procedures
Prior to undergoing isokinetic testing, each of the participants performed a 5-minute warm-up on an Upper Body Ergometer (Cybex, Inc., Ronkonkoma, NY) at an intensity of 500 kg·m Ϫ1 ·min Ϫ1 using a setting of 90 rpm. The subjects were verbally oriented to the Cybex isokinetic dynamometer and the testing procedure.
The Cybex 600 isokinetic dynamometer (Cybex, Inc., Ronkonkoma, NY) was calibrated daily according to the calibration instructions (5). The supine 90/90 position (90Њ of abduction in the frontal plane and 90Њ of elbow flexion) was used for this study based on specificity of muscular function and joint position angles with respect to typical throwing motions (2, 7) . The position of 90Њ of elbow flexion and 90Њ of glenohumeral abduction used during isokinetic testing in this study is very similar to the angle of the arm and shoulder used during the throwing motion. Range of motion for testing included 0-90Њ of external rotation and 0-60Њ of internal rotation. Range of motion stops were used per manufacturer's guidelines to ensure identical ranges during testing (5) .
Participants were stabilized in the supine position on the Cybex UBXT (Upper Body Testing Table, Cybex, Inc.) with straps placed around the chest, pelvis, and elbow. The participant's upper extremity was placed in a wrist, shoulder, and elbow stabilization pad to increase stabilization during the tests. The offset handle was provided contralateral to the tested extremity for stabilization during the testing procedure. Gravity correction was not utilized for this testing position, which is consistent with manufacturer's guidelines (5) . The input shaft of the dynamometer was aligned with the axis of rotation of the glenohumeral joint. Testing was initiated in 90Њ of external rotation, consistent with the manufacturer's recommendation (5) .
Following the general warm-up, participants performed 3 submaximal repetitions (25, 50, and 75%) at each testing velocity of 60Њ (1.05 r), 180Њ (3.16 r) and 300Њ·s Ϫ1 (4.21 r). The fourth repetition of the warm-up set was a 100% effort to enhance the reliability of the test (13) . A 1-minute rest period will be given between the warm-up and the actual maximal test repetitions. Testing consisted of 5 maximal repetitions at each velocity with a 1-minute rest period between each interval testing velocity. Consistent verbal encouragement was given during the testing procedures. Tests were administered in ascending order from 60Њ (1.05 r) to 180Њ (3.16 r) to 300Њ·s Ϫ1 (4.21 r). A velocity spectrum of isokinetic speeds was utilized because differences in strength may only be noticeable at greater or lesser speeds. By assessing the entire velocity spectrum, all bases will be covered. Reliability of the Cybex isokinetic dynamometer has previously been established (8, 14) .
Statistical analysis
Paired t-tests were used to compare the dominant shoulder internal and external rotators TAE scores with the nondominant shoulder TAE scores in each athlete and nonathletic participant. Statistical analysis was performed with SPSS Version 10.1 (SPSS Inc., Chicago, IL) software. The 0.05 level of significance was chosen to detect significant differences.
RESULTS
Physical characteristics for all participants of this study can be seen in Table 1. Table 2 reveals significant differences (p Ͻ 0.05) between dominant and nondominant arm TAE scores for both controls and pitchers internal rotators throughout the velocity spectrum. All the TAE scores of the internal rotators were significantly different when comparing dominant versus nondominant in both controls and athletes. The only external rotator TAE score found to be significantly different between the dominant and nondominant arms was that of 60Њ·s Ϫ1 (1.05 r) for the pitching group.
Post hoc analysis using a standard t-test revealed no differences between dominant or nondominant TAE scores when compared by type (e.g., control vs. athlete). Furthermore, a mixed-design analysis of variance found no difference when comparing the differences between dominant and nondominant TAE scores between type (e.g., control vs. athlete) with the exception of external rotation at 60Њ·s Ϫ1 (1.05 r) (p Ͻ .05). 
DISCUSSION Dominant Versus Nondominant
The present study found significant differences between the dominant and nondominant extremity TAE scores of both controls and pitchers throughout the velocity spectrum. This finding is drastically different than that of Chandler et al. (4), who did not find any difference between dominant and nondominant TAE scores of collegeage tennis players. Their study revealed no differences between dominant and nondominant TAE scores tested at speeds of 60Њ (1.05 r) and 300Њ·s Ϫ1 (5.26 r) (4). Several potential differences exist between the study of Chandler et al. (4) and the present. Most important, the Chandler et al. study subjects consisted of college-age tennis players with no type of control group in which their subjects were compared (4). Similar to the Chandler et al. study (4) , the present study also utilized college-age overhead athletes but in the form of baseball pitchers. To rule out our findings being the norm in overhead athletes, we also utilized an age-matched group of control nonathletic subjects. Second, their study utilized a different testing protocol than ours. Chandler et al. (4) Ϫ1 (3.16 r). It is possible that their use of only 3 repetitions was not a sufficient number for TAE differences to be seen at a slow or high velocity.
Pitchers Versus Controls
Interestingly, in looking at Table 2 , one can clearly see that in most instances the control nonathletic subjects had higher TAE scores overall than did the pitchers. With the exception of external rotation of dominant arm at 300Њ·s Ϫ1 (5.26 r) and nondominant arm at 60Њ (1.05 r) and 180Њ·s Ϫ1 (3.16 r), all other TAE scores were higher for the control subjects. Despite the fact that post hoc analysis revealed that these differences were not significant, we feel it important to speculate on this finding. This may be simply due to the fact that the overhead athletes do not need extra strength or power to come from the shoulder during the act of throwing. Since the shoulder is the end link in a very long kinematic chain used during the throwing motion, the torque generated through the legs and trunk may be enough to diminish the actual need for power to be developed specifically at the glenohumeral joint. Trunk coiling or rotation immediately after the cocking phase of pitching is one of the most important load components in the pitching motion (15) . Recent electromyographic studies have shown that the gluteus maximus muscle works as a powerful extensor to provide maximum power transmitted through the legs and trunk during the throwing motion (15) . Unfortunately, a limitation of our present research is that we did not address leg or trunk strength or power assessment.
In most cases, the dominant arm TAE scores of both controls and pitchers were greater than the nondominant with the exception of the pitcher's external rotators at 60Њ·s
Ϫ1
, which coincidentally was the only external rotator TAE score that showed a significant difference, with the nondominant arm receiving a higher TAE score than the dominant. This finding could be due to specificity of training. During the throwing motion, the external rotators rarely fire concentrically at high speeds. The external rotators do, however, fire at very high speeds during the follow-through phase of the throwing motion after ball release in an attempt to slow down internal rotation of the rapidly rotating arm. The contraction of the external rotators in the follow-through phase of throwing is generally accepted as eccentric in nature, while testing in this study was concentric. One could speculate that there may be a strength carryover, or overflow, from eccentric to concentric contractile properties when performing functional activities at higher velocities. Moreover, throwing athletes are often required to throw up to 100 pitches per day at practice and during game situations. Even though there is a brief rest period between throws, this constant repetition may be more like an endurance-type training rather than simply one of power. Our study looked at TAE, the measurement of ''explosiveness'' of a muscle. We speculate that the rotator cuff external rotators may not be a muscle group that responds in an ''explosive'' manner in overhead throwing athletes. Rather, it may work in the shoulder functionally as an endurance muscle to allow repetitive throwing activities. With this in mind, significant differences in TAE may not be commonly observed in overhead athletes.
Our present study is in agreement with Perrin et al. (12) , who found TAE values greater in the right (dominant) arm of pitchers who were tested at an intermediate velocity similar to ours at 180Њ·s Ϫ1 (3.16 r). The only difference between the 180Њ·s Ϫ1 (3.16 r) test velocity in the Perrin et al. (12) study compared to our present study is that they assessed 25 repetitions as compared to our 5 repetitions.
One would generally assume that these bilateral differences between the dominant and nondominant shoulders illustrate some form of neuromuscular adaptation that can be attributed to the throwing motion of the dom-inant arm of the pitching athletes rather than to normal bilateral differences. On the contrary, these same differences were seen in the control nonathletic subjects as well. At almost all velocities for both dominant and nondominant arms, the control nonathletic subjects had higher TAE scores than their throwing counterparts. Is this finding simply by chance, or could there be some possible way to explain this perplexing finding?
It could be that the overhead athletes have adapted the remainder of their bodies to assist with the act of throwing. It is possible that in the overhead athletes, a large amount of force output comes from the trunk and legs. This has been clinically proven. If the overhead athlete can compensate by generating power with both the trunk and the legs, the arm may not require the same amount of power output as the nonoverhead athlete. Essentially, the control subjects may not have developed any of the same compensatory motor patterns in the lower extremities and trunk that the overhead athletes have; therefore, they still require or have an increase in upper extremity strength and power, which is evident in the scores found in this study.
Limitations
Several limitations of our study exist. As mentioned earlier, we were unable to test trunk and lower extremity strength and power to determine if that would glean any valuable information into shoulder power. A second limitation of our study is that we could not find reliability measurements for TAE during upper-extremity testing. Several studies have determined test-retest reliability of the quadriceps and hamstring muscles. Reliability of concentric isokinetic TAE test scores for the quadriceps have demonstrated Pearson product moment coefficients of 0.62 for 180Њ·s Ϫ1 (3.16 r) and 0.88 for 240Њ·s Ϫ1 (4.21 r). Hamstring muscle Pearson product moment correlations were found to be 0.85 and 0.76 for velocities of 180Њ (3.16 r) and 240Њ·s Ϫ1 (4.21 r), respectively (3). In addition, Barbee and Landis (1) assessed both dominant and nondominant quadriceps and hamstring muscles and found that intraclass correlation coefficients (ICCs) ranged from 0.13 to 0.27 for the quadriceps muscle at 60Њ·s Ϫ1 (1.05 r) and 0.75 to 0.86 for the hamstring muscles at the same velocity. The quadriceps and hamstring muscle ICCs ranged from 0.86 to 0.94 when tested at 300Њ·s Ϫ1 (5.26 r). Another potential limitation is that subjects were not strictly matched for height or weight. We attempted to match for age, which had a mean of 23.42 years with a small standard deviation of Ϯ4.22 years. We feel that although the range was from 18 to 31 years of age, the small standard deviation allows us to report age to be fairly uniform.
Our control subjects, although not overhead athletes, were not excluded for performing routine physical exercise. Potentially, this could explain why the nonathletic subjects had similar TAE scores as the pitchers. Despite this possible confounding variable, we must admit that rarely do we see individuals specifically exercising the shoulder internal and external rotators for power during a normal fitness exercise routine.
A last possible reason that we found no significant differences in TAE scores between competitive male pitchers and male nonathletes may be simply that the isokinetic testing used (TAE) and the velocities studied were not specific enough of a measure to detect differences between the groups.
PRACTICAL APPLICATIONS
There appear to be significant differences between dominant and nondominant shoulder internal rotator TAE scores in both the overhead athlete and the nonathletic population. Post hoc analysis reveals that these differences are not significant when compared between the 2 groups (i.e., overhead athlete and control). In most cases the shoulder rotator scores are higher in the nonathlete than in the overhead athlete. These findings may suggest some form of neuromuscular adaptation in the overhead athlete allowing them the ability to relinquish shoulder muscular power despite being competitive throwers. Moreover, isokinetic testing for shoulder power in isolation may not be a reliable indicator of pitching power.
